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Abstract

Rapid, accurate and cost-effective quantitation of monoclonal antibodies (MAbs) is essential for bioprocessing. High
Pressure Liquid Chromatography (HPLC) and the Octet® are some of the commonly used techniques for MAbs titer
determination. To ensure MAbs purification column efficiency, the dynamic binding capacity (DBC) of Protein A for Mab can
be determined by loading feedstock onto the column until binding sites for the MAb become saturated and MAb begins to
break through. An assessment of the relative merits of Protein A (HPLC) and the Sartorius Octet® R8 System to determine
MAb concentration in a complex feedstock was performed using MAbs breakthrough as the analyte while monitoring
method accuracy, precision, dynamic range, LoQ and cost per sample. The evaluation found that the Sartorius Octet® R8
system can be used to accurately quantitate 5%, 10% and 20% MAb breakthrough values in the presence of contaminant host
cell proteins. Compared to HPLC analysis, the Octet® system had a slightly larger dynamic range and performed best at low
concentrations with an almost 30-fold lower LoQ . The Octet® was further shown to provide a fast, accurate and economical
means of quantifying MAbs, and decreases process development.
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Summary

Rapid, accurate and cost-effective quantitation of mono-
clonal antibodies (MAbs) is essential for bioprocessing.
Here we assess the relative merits of Protein A High Pres-
sure Liquid Chromatography (HPLC) and Protein A bio-
layer interferometry using the Sartorius Octet® R8 system
to determine MADb concentration in a complex feedstock.
We perform this assessment within the context of deter-
mining a MADb breakthrough curve from a Protein A column
loaded with a CHO culture feedstock.

The HPLC method has a limit of detection (LOD) 10-fold
higher than that of the Sartorius Octet® R8 system (17 ug/
mL vs. 0.1 ug/mL respectively), and a limit of quantitation
(LOQ) more than 20-fold higher than the Octet® system
(27 ug/mLvs. 1.3 pg/mL respectively). The HPLC and
Octet® methods have a comparable dynamic range (span-
ning 1.9 versus 2.2 orders of magnitude, respectively). The
Octet® method has two major benefits over the HPLC
method: assay cost is reduced by >20%, and the total time
of analysis is reduced by >6-fold. Assay cost was reduced
from $1.21 per sample with the HPLC method to $0.93 per
sample with the Octet® method. The greatest benefit in
using the Octet® system was reduced process time —
switching the assay format from HPLC to the Octet® plat-
form reduced the total time for analysis from >24 hours with
HPLC to <4 hours with the Octet® assay.

In summary, we find that HPLC and the Sartorius Octet®
system can be used to generate comparable data, with the
Octet® system providing significant improvements in assay
cost, throughput and sample preparation time.

Introduction

There are currently 30 monoclonal antibodies approved by
the FDA as biotherapeutic agents, representing the most
rapidly growing class of new drugs. Despite advances in
downstream processing technology, affinity purification of
monoclonal antibodies using Protein A chromatography is
still the industry standard. In order to use Protein Aresin as
productively as possible it is important to load the resin at
close to its dynamic binding capacity (DBC). DBC is nor-
mally determined with small sorbent volumes before scal-
ing up to the process level. Here we look at the effects of
residence time and MAb concentration on Protein A
dynamic binding capacity. The knowledge of DBC under
these conditions allows us to scale our process robustly,
while maintaining high resin productivity.

To measure the DBC of Protein A for MAD, feedstock s
loaded onto the column until binding sites for the MAb
become saturated and MADb begins to break through. As
contaminant proteins in the CHO feedstock have a large
absorbance, itis impossible to accurately determine the
breakthrough of MAb using UV A280. To follow the MAb
breakthrough, we collected fractions of the column flow-
through and analyzed the samples by Protein AHPLC and
Protein A Bio-Layer Interferometry assay, the latter using
the Sartorius Octet® system. We compare these analytical
methods using several metrics including process time,
preparation time, cost per sample, dynamic range, preci-
sion, accuracy, limit of detection and limit of quantitation.
We show here that the Octet® system provides a fast, accu-
rate and economical means of quantifying MAb, and
decreases process development.



Materials and Methods
Materials

Biological Sample

MAb used in this study was purified from CHO feedstock
(Clone 38, Pall Life Sciences) using two chromatographic
steps: Protein A (MADbSelect SuRe, GE Healthcare), fol-
lowed by cation exchange chromatography (S HyperCel,
Pall Life Sciences).

Experimental Equipment
= Shimadzu HPLC system
= POROS® A 20 um column (21x30 mm, 0.1 mL)
(Invitrogen, part no. 2-1001-00)
= Sodium phosphate dibasic HPLC grade
(Sigma Aldrich, part no. 10028-24-7)
= Sodium phosphate monobasic HPLC grade
(Sigma Aldrich, part no. 7558-80-7)
= Glycine HPLC grade (Sigma Aldrich, part no. 56-40-6)
= Sartorius Octet® R8 system
= Octet® Protein A Biosensors
(Sartorius, part no.18-5010)
= Octet® Sample Diluent (Sartorius, part no. 18-5028)
= AKTA Explorer chromatography system with
Unicorn software
= GE Healthcare HiTrap MabSelect SuRe Protein A sorbent,
1mL column

Methods

Octet® System Analytical Method

Samples for Octet® analysis were diluted 1:10 in diluent
buffer (0.1% / wt. BSA, 0.02% / vol. Tween 20 in PBS) to
bring the sample concentrations below 300 pg/mL.
Analytic runs were set up on the Octet® system using
Octet® Analysis Studio Software. The analytical procedure
used here is adapted from Technical Note found on the
Sartorius website High Sensitivity Detection of Human IgG
Using Protein A Biosensors. The critical parameters can be
foundinTable 1.

Protein A HPLC Analytical Method

Samples for HPLC analysis were 0.2 um filtered by centrifu-
gation (3,000g, 10 minutes) using Pall 0.2 um AcroPrep™
96-well filter plates (Pall Life Sciences, part no. 8019). Pro-
tein AHPLC analysis was performed using a 100 pL Poros A
20 pm chromatography column (Invitrogen) and a HPLC
chromatography system (Shimadzu). Important parameters
are summarized in Table 2.

Table 1: Assay parameters for Sartorius Octet® system.

Category Parameter Value
Quantitation Quantitation time 60 sec
Shake speed 1,000 rpm
Regeneration pH 11
Buffer concentration 10 mM Glycine
Tween concentration 0.02% / vol.
Regeneration cycles 3 cycles
Regeneration time 5sec/cycle
Shake speed 1,000 rpm

Neutralization ~ Neutralization buffer Sartorius Sample Diluent

Neutralization cycles 3 cycles
Neutralization time 5 sec/cycle
Shake speed 1,000 rpm
Table 2: Assay parameters for HPLC.
Category Parameter Value
Buffer Load buffer 25 mM phosphate + 300 mM

sodium chloride, pH 7.2

Elution buffer 10 mM glycine, pH 3.0

Strip buffer 10 mM glycine, pH 2.5
Time program  Inject /wWash 30 column volumes

Elute 20 column volumes

Strip 20 column volumes

Re-equilibrate 30 column volumes

System Flow rate 2 mL/min

Injection volume 50 uL

Method for Determination of Assay Accuracy, Precision,
and Theoretical LoQ and LoD

For each assay, 6 replicates of 8 point standard curves
were generated. For the HPLC assay, standards were pre-
pared in loading buffer. For the Octet® assay, standards
were prepared in a 90% Sartorius Sample Diluent, 10%
mock CHO feedstock solution. These standards were
measured using different biosensors and at different
stages in regeneration to simulate how unknown samples
are measured on a 96-well plate.



This set of 6 standard curves was used to provide an esti-
mate of assay accuracy and precision. To determine assay
accuracy, an average standard curve was determined using
the first 3 replicates of the 6 standard curves measured. The
next 3 replicate curves were then treated as experimental
points, and tested for their fit to the average standard curve
based on their expected value. Percentage Bias (%Bias)
could then be calculated over the range of the assay using
the following simple formula:

|Experimental - Expected | * 100

%Bias
Expected

To determine assay precision, all 6 curve replicates were
used to produce an average standard curve. Each of the 48
points used to generate this curve could then be assigned a
concentration. The six measurements at each of the 8
known concentrations could then be used to calculate the
coefficient of variance (CV), a common measure of preci-
sion, over the range of the assay. The formula for CVis as
follows:

Standard Deviation * 100

Average Value

%CV

From these estimates of accuracy and precision, an esti-
mate of total error (TE) was obtained using the following
commonly used formula:

BTE = %Bias +1.96 * %CV

The set of 6 standard curves described in this section were
then used to obtain theoretical values for the assay Limit of
Detection (LoD) and Limit of Quantitation (LoQ). LoD is
defined as the minimum concentration at which an ana-
lyte’s presence can be detected by a given assay, whereas
LoQ is defined as the minimum concentration at which an
analyte can be reliably quantified. A method from ICH 1996
“Validation of Analytical Procedures: Methodology” was
used. In this document, the following equations are used to
calculate LoD and LoQ.

Where:
LoD = @ LoQ= @ o = the standard deviation of the response
M M =the slope of the calibration curve

Here the standard deviation of the response is the standard
deviation of the y intercepts of the 6 standard curves gen-
erated above. The calculations of LoD and LoQ give values
in terms of machine parameters, which must be converted
back to concentrations using the calibration curve of the
assay in question.

Application DoE and Procedure for Generating Samples
Atwo-factor, two-level factorial design was used to test for

the effect of residence time and MAD titer on sorbent DBC.
The experimental space is described in Table 3.

Table 3: Factors and levels used to define experimental space.

Factor Low level High level Units
Feedstock titer 1 2 mg/mL
Residence time 3 5 min

Purified MAb was spiked into depleted CHO feedstock at 1
and 2 mg/mL and adjusted to pH 7.2 before loading. The
spiked CHO feedstock was applied to a1 mL Protein A col-
umn (MADb Select SuRe, GE Healthcare) with 3- and 5-min-
ute residence times. Flow-through from the column was
collected in 1 mL fractions. Buffer compositions and experi-
mental steps are listed in Table 4.

Table 4: Experimental conditions for generation of breakthrough curves.

Category Parameter Value
Buffer Loading 20 mM sodium phosphate, 150 mM
NaCl, pH 7.2
Equilibrate 10 column volumes of loading buffer,
1minute residence time
Process Load 80 column volumes of sample at
desired concentration and residence
time, pH 7.2
Wash 5 column volumes of loading buffer,

1minute residence time




Results

Comparison of Assay LoQ, LoD, Accuracy,
Precision and Dynamic Range

Theoretical LoQ and LoD values for each assay were calcu-
lated as described in the Methods section. Results are sum-
marized in Table 5.

As can be seen from a comparison of Tables 5 and 6, the
theoretical calculations are confirmed. For both assays,
total errorincreases far outside the acceptable range at the
LoD, but is comfortably within the range at the LoQ.

Table 5: Theoretical assay LoD and LoQ.

HPLC Octet® asay

LoQ (ng/mL) LoQ (pg/mL)
29.58 on 1.32

LoD (ug/mL) LoD (pg/mL)

20.69

Table 6: Sample measurements at LoD and LoQ.

HPLC
Loaded Average Bias (%) CV (%) Total
conc. (ug/mL) value (ug/mL) error (%)
LoD 17 2153 26.67 2.33 31.32
LoQ 27 2819 4.40 0.64 5.69
Octet® assay
Loaded Average Bias (%) CV (%) Total
conc. (ug/mL) value (ug/mL) error (%)
LoD 0.1 0.18 82.37 39.63 161.63
LoQ 13 129 0.96 0.79 2.55

Table 7: Error estimates for each analytical method over its dynamic range.

Accuracy and precision were then estimated over the
expected dynamic range of the assay. %Bias, %CV and
%error were calculated as described in the Methods section.
Table 7 summarizes the findings over the dynamic range
tested and includes the measurements made at the theo-
retical LoQ.

From these data, we can make an assessment of assay
dynamic range. The arbitrary value of 10% total error was
chosen as a cut-off point for either the upper or lower range
of the assay. If no measurements in the lower range were
above 10% total error, the LoQ was chosen as the assay’s
lower limit.

It is worth noting the difference in total error between the
measured values on the HPLC assay at 31.25 pg/mL and

27 ug/mL (Table 7). The 6 readings used to validate the
HPLC assay’s theoretical LoQ were all taken in succession
and thus have a very low CV. The sixreadings taken at

31.25 pg/mL were spread out over the 48 samples used to
generate the six standard curves, and are therefore more
indicative of how an actual assay is performed. For this rea-
son the value of 62.5 pg/mL was used as the lower range of
the HPLC assay.

Forthe Octet® assay, both the standard curve measure-
ments and the measurements for the validation of the
assay’s theoretical LoQ were taken using different biosen-
sors and at different stages of biosensor regeneration. As a
result, the LoQ measurements and the standard curve
measurements show better agreement. For this reason, the
LoQ was chosen as the assay’s lower limit.

HPLC Octet® assay
Expected value Bias (%) CV (%) Total error (%) Expected value Bias (%) CV (%) Total error (%)
(ug/mL) (ng/mL)

2000 0.67 1.56 374 300 3.83 6.52 16.62
1000 2.51 1.66 5.76 150 0.87 319 712
500 0.25 1.05 2.30 75 0.27 1.57 334

250 145 1.68 474 375 0.80 170 413

125 2.79 0.99 474 18.8 0.35 242 511
62.50 438 145 723 9.38 0.25 0.70 1.62
31.25 6.08 5.43 16.71 4.69 142 0.64 2.68

27 4.40 0.64 5.69 13 0.96 0.79 2.55




Although no data were collected above 2000 ug/mL for
the HPLC assay, the method has been validated up to
5000 pg/mL, so this was used as the top of the assay’s ana-
lytical range. On the Octet® assay, 150 ug/mL was the high-
est value not to exceed 10% total error, so this measurement
was used as the top of the assay’s analytical range.

Considering this information, the HPLC assay dynamic
range has minimum of 62.5 ug/mL and a maximum of
5000 ug/mL. This gives an 80-fold difference, which spans
1.9 orders of magnitude. The Octet® R8 system dynamic
range has a minimum of 1.3 ug/mL and a maximum of

150 pug/mL. This gives a slightly larger 115-fold difference,
which spans 2.1 orders of magnitude.

Comparison of Assay Costs

In generating the data for this application, 220 samples and
48 standards were analyzed, along with 2 blanks for each
Octet® sample plate, and 4 blanks total for the HPLC Pro-
tein Arun. Each assay also required its own preparatory
work. For this comparison, it is assumed that the methods
have been pre-written and saved, so programming time is
not considered. Table 8 summarizes total time required to
perform both assays.

Using the slowest process as a reference, we can see that the
Octet® assay overall is almost 9 times faster than the HPLC
assay. The Octet® assay offers savings not only in process
time (11times faster), but in prep time as well (3 times faster).

Using this approach we can also determine cost per sample.
Buffer costs were determined from prices listed on the
Sigma Aldrich catalog. Price per sample was calculated
assuming 20% more buffer was made than was absolutely
required to run the samples. Consumable costs include the
Octet® Biosensors, HPLC Protein A column averaged over
its usable life (3000 runs), and any filters and microtiter
plates used in sample preparation. Operator costs were
determined based on time required performing prepara-
tory work, billed at a rate of $100 per person, per hour.
Results are given in Table 9 in terms of cost per sample.

The data show that the Octet® cost per assay is signifi-
cantly less than that of HPLC. The cheapest HPLC assay,
using an auto-sampler that accepts 96-well plates, costs
$1.21 per sample. The cheapest Octet® assay, employing
user-prepared sample diluent, costs $0.93 per sample.
This represents a cost reduction of >20%. This does not
take into account column cleaning, regeneration or theo-
retical plate testing which add to the overall cost per sam-
ple when using HPLC.



HPLC method: Octet® assay used throughout:
220 Samples 220 Samples
48 Standards Operator-prepared 48 Standards Buy pre-made
+ 4 Blanks diluent buffer i 8 Blanks Sartorius
272 Runs 276 Runs =4 Plates diluent buffer

v

Buffer preparation:

3*20 min=60 min

v

Using Column equilibration Using
15mL and valve set up: 96-well
vials 15 min plates

Sample filtration: Sample filtration:
272 *10 sec =45 min 4 plates *10 min =40 min

v ¥

Vial transfer: Vial transfer:

Buffer preparation:

1*20 min =20 min

Buffer preparation:

2*20 min=40 min

Sample dilution:
4*5min=20 min

\

Plate preparation:
4*5min=20 min

Tip soak:

4*10 min =40 min

272*20 sec =91 min O min ‘

Sample processing: Sample processing:

272 * 5.5 min =1496 min 4*23 min =92 min
Table 8: Flow chart of process steps and step time summary.

HPLC w/ vials HPLC w/ plates Octet® asay (prepare diluent) Octet® assay (buy diluent)

Preparation time (min) 21 115 80 60
Process time (min) 1496 1496 132 132
Total time (min) 1707 1611 212 192

Table 9: Assay process cost comparison, given in terms of cost (in dollars) per sample.

HPLC w/ vials HPLC w/ plates Octet® assay (prepare diluent) Octet® assay (buy diluent)
Buffer cost $0.0028 $0.0028 $0.0042 $0.3478
Consumable cost $1.58 $0.50 $0.44 $0.44
Operator cost $1.29 $0.70 $0.48 $0.36
Total $2.87 $1.21 $0.93 $115




Determination of 5%, 10% and
20% Breakthroughs

The two assays were used to analyze the fractions collected
from the breakthrough curve experiment. These curves are
plotted in Figure 1 (A-H). The breakthrough curves were
used to determine the DBC at 5, 10 and 20% breakthrough.
As can be seenin Figure 1, the breakthrough curves span a
MADb concentration from O mg/mL to 2 mg/mL. All samples
were undiluted when processed on the HPLC, and diluted
10-fold when processed on the Octet® system. This proto-
col puts all the samples within the dynamic range of the
HPLC assay, but puts some samples outside the range of
the Octet® assay (>150 ug/mL). As seen in Figure 1F and
Figure 1H, assay error visibly increases when breakthrough
MAb concentration becomes greater than 1.5 mg/mL.
When a1 mg/mL feedstock s loaded, breakthrough curves
show less variability, as can be seen in Figure 1B. Figure 1D
shows more variability at higher concentrations, but values
are still within the range of 7% total error predicted at the
upper end of the Octet® assay.

At lower concentrations the two assays show better agree-
ment in curve shape. It follows that the 5%, 10% and 20%
breakthrough values calculated using the Octet® system
very closely match the values measured using HPLC. As can
be seen in Table 10, DBCs never differ by more than 2 mg
MADb/mL sorbent. To accurately quantify samples that con-
tain higher concentrations of MAb it is necessary to per-
form dilutions to bring the MAb concentration <150 pg/mL.
However, the Octet® assay is most accurate at concentra-
tions from 1.3-75 pg/mL and samples that require the high-
est accuracy should be diluted to within this range.

Although no dilution experiments were performed, there
is no reason to suspect that there is a constraint on the
maximum dilution factor that can be used with either
assay. However, as the magnitude of dilution and number
of dilution steps increase so does the error. In our experi-
ence we find two consecutive 10-fold dilutions (to give a
100-fold dilution) acceptable. Employing this as the maxi-
mum dilution limits the Octet® assay to MAb concentra-
tions <15 mg/mL. For higher MAb concentrations, other
Octet® assay parameters could be further optimized, most
notably sample plate shake speed. As shake speed is low-
ered, binding rate decreases, rendering high concentra-
tion measurements more accurate. Modifying this
parameter, however, is likely to change the dynamic range
and the total error of the analysis.

In this study, we focused on the initial breakthrough, so a
minimal dilution (10-fold) was performed to give us the
most accurate measurements at the beginning of the
breakthrough curve. We see no reason that an additional
10-fold dilution could not be performed to more accurately
determine higher percent breakthroughs that might be
required for continuous chromatography.

The data show us that, as observed previously, sorbent
capacity increases with both an increase in feedstock titer
and anincrease in retention time. It is also apparent that
within the range tested these variables are independent of
each other. The highest capacity we measured was ~55 mg
product per mL sorbent. This was achieved at high resi-
dence time (5 min) and high feed titer (2 mg/mL).

Table 10: Sorbent DBC (mg protein / mL sorbent) as calculated using either HPLC or the Octet® system for each of the four separate

breakthrough curves.

HPLC

3 min RT (1 mg/mL) 5 min RT (1 mg/mL) 3 min RT (2 mg/mL) 5 min RT (2 mg/mL)
5% DBC (mg/mL) 30.3 383 42.6 46.6
10% DBC (mg/mL) 393 423 46.6 50.6
20% DBC (mg/mL) 423 46.3 50.6 54.6
Octet®

3 min RT (1 mg/mL) 5 min RT (1 mg/mL) 3 min RT (2 mg/mL) 5 min RT (2 mg/mL)
5% DBC (mg/mL) 323 383 42.6 46.6
10% DBC (mg/mL) 383 423 46.6 50.6
20% DBC (mg/mL) 423 453 48.6 54.6




1200

Octet®: 3 min res. time,
10004 1mg/mL S
9/ ':o
) .w
£ 800 o
o <
2 »
c J
S 600 - »
© ¢
g R
3 3
© 400 4 <
8 4
Rd
200 /.’
0 M
T A T T T T T
(0] 10 20 30 40 50 60 70 80
Volume (mL)
1200
Octet®: 5 min res. time, ’0 P
1000 1mg/mL :
s
oy
*
g 800 .
2 »
c *
S 600+ .
g .
S *
2 400 *
3 *
i o
200 ’0
..M’..
[¢] T v T T T T T T
0 10 20 30 40 50 60 70 80
Volume (mL)
3000 4
Octet®: 3 min res. time,
2500 4 2mg/mL -
LS L/
=5 o G007y 0y 0‘
£ 2000 %400
o
H il
.2 1500 \d
& o
b ¢
C
8 1000 :
8 S
*
500 -
‘0
"4
Y _—I_M T T T T
0 10 20 30 40 50 60
Volume (mL)
2500
Octet®: 5 min res. time, “"“‘ ’~ (RN
2 L * *
2000 2m9/m . g .
5 i
g *
= 1500 + *
< *®
9 *
[
‘€ 1000 0
Q
g
3 S
500 ~ .
‘0
o
Y '—I_M T T T T T
(0] 10 20 30 40 50 60 70

Volume (mL)

Concentration (mg/mL) Concentration (mg/mL) Concentration (mg/mL)

Concentration (mg/mL)

129
HPLC: 3 minres. time,
104 1mg/mL oot
'
0.8
0’
0,
0.6 &
N
‘0
L
0.4
*
o0n o
£ o
4
0 ——M
T T T T T T
o 10 20 30 40 50 60 70 80
Volume (mL)
12
HPLC: 5 minres. time,
1.0 4 1mg/mL
P 4
w“'
0.8 R4
K4
’l
0.6 - f
‘0
0.4 - Q’
&
N
’0
0.2 4
o“
»
Y T & T r MI T T T T
0 10 20 30 40 50 60 70 80
Volume (mL)
2.5~
HPLC: 3 minres. time,
2mg/mL
2.0 O 4
0“‘”
15 ’.’
’0
‘0
1.0 4 A
*
*
*
0.5 >
’0
M”
o T T T T T T
(¢} 10 20 30 40 50 60
Volume (mL)
2.5
HPLC: 5 min res. time,
2mg/mL
2.0 of W
Xa
’0
’0
154 A
5 *
*
’0
1.0 A
‘0
‘0
0.5 A
‘0
.0
ot— . — T T T T
o] 10 20 30 40 50 60 70

Volume (mL)

Figure 1: Breakthrough curves obtained using Octet® system or HPLC. Red points represent 5%, 10% and 20% breakthroughs as obtained from
1mL fractions.

10



Conclusions

We have shown that the Sartorius Octet® R8 system can
be used to accurately quantitate 5%, 10% and 20% MAb
breakthrough values in the presence of contaminant host
cell proteins. Compared to HPLC analysis, the Octet® sys-
tem has a slightly larger dynamic range, and performs best
at low concentrations with an almost 30-fold lower LoQ.
This lower LoQ is an advantage for the Octet® platform
when considering that sample dilution can be used to
effectively expand the upper range of either assay.
Another advantage to the Octet® system is the cost per
assay, which is more than 20% lower in comparison to an

equivalent HPLC assay. The greatest benefit in using the
Octet® system is decreased process time. Switching from
HPLC to Octet® R8 system reduced the total time for
analysis from >24 hours to <4 hours.

The Octet® system is very well suited to the analysis of
samples generated by process development. Here many
conditions are screened to optimize the process. This gen-
erates a large number of samples which can be analyzed
accurately, quickly and cheaply using the Octet® system
and Protein A Biosensors.
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